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ADDRESS 

*CURRENT ADDRESS 

OBJECTIVES 

and larval fish recrnitment in '\/ictoria 

Dr Francisco J. Neira* 

Marine and Freshwater Resources Institute 

PO Box 114 Queenscliff Vic 6225 

Faculty of Fisheries and Marine Environment 

Australian Maritime College 

PO Box 21 Beaconsfield Tas 7270 

Telephone (03) 6335 4416 

Fax (03) 6335 4459 

F.Neira@fme.amc.edu.au 

1. To describe the composition, abundance and spatial distribution of fish eggs and 

larvae, with particular reference to the early stages of commercially important 

inshore fish species and those of the southeast trawl fishery. 

2. To determine the areas and season of the spawning of King George whiting 

(Sillaginodes punctata) off the Victorian coast. 

3. To determine the abundance of the different developmental stages of King George 

whiting at different locations and identify the pathway( s) of larval transport by back­

calculating from the age of larvae. 

4. To determine the areas and season of spawning of pilchards (Sardinops sagax) off 

the Victorian coast, and to describe the horizontal and vertical distribution of eggs 

and larvae. 

5. To identify regions of changing nutrient and chlorophyll a concentration, and their 

relationship to physical properties and ichthyoplankton abundance. 

6. To collect physical oceanographic data and satellite images to extend the 3-D Bass 

Strait hydrodynamic model of coastal currents. 

7. To describe the spatial and seasonal distribution of rock lobster phyllosomes and 

giant crab megalopa. 
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and larval fish recruitment nroi:esses in Victoria 

species, and to combine 

density) 

:ntt~l'l'it,~1" to identify IIV,:>.::>H"H areas advection of larvae. All 

the project were accomplished to varying degrees of success, 

except those stated above in 7 since no specimens were obtained. 

The survey area extended between Gabo Island (Vic) and Port MacDonnell (SA) and 

was divided into eight parallel transects placed 65 nautical miles (m11) apart. Surface 

(neuston) and discrete vertical plankton samples (25-0, 50-25, 75-50 and 100-75 m 

depth strata) were obtained at five fixed stations located 2, 4, 8, 16 and 32 nm offshore 

along each transect. Plankton samples (total 576) were taken using both an opening­

closing electronic zooplankton net and a bongo sampler fitted with 500 µm mesh nets. 

Surface and vertical plankton samples taken at fixed stations yielded a total of 19,143 

and 5,762 larval fishes in the summer and winter surveys, respectively (total= 24,905). 

Fish eggs were collected in very low numbers therefore no attempt was made to provide 

data on these. Larval fishes belonging to 96 teleost fish families were caught throughout 

the study, of which 85 occurred in summer and 56 in winter. Of these, 45 families 

occurred in both seasons, 40 were found solely in summer and 11 only in winter. Taxa 

found as larvae during the summer and winter surveys totalled 146 and 95, respectively. 

Larvae of clupeids (mostly pilchard), monacanthids (leatherjackets) and carangids 

(mostly jack mackerel) were the dominant groups during summer, whereas scorpaenid 

(scorpionfishes), morid (morid cods) and myctophid (lantemfishes) larvae dominated 

the winter samples. 

The greatest concentrations of larvae (numbers per 100 m3) were recorded off Port 

Campbell (Vic), Portland (Vic) and Port MacDonnell (SA) during summer cruise 1, and 

off Seaspray ( east of Wilsons Promontory) during summer cruise 2. The high larval 

concentrations during cruise 1 were largely due to pilchard (Sardinops sagax) and, to a 

lesser extent, jack mackerel (Trachurus declivis). Dominant larvae off Seaspray during 

cruise 2 included those of pilchard, barracouta (Thyrsites atun) and sand flathead 

(Platycephalus bassensis). Overall larval concentrations during the winter cruises were 

markedly lower compared to those in summer, and were lowest during winter cruise 3. 
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Although 

summer 

currents over 

-u·~-"''"- the greater incidence of easterly winds 

high primary 

west to east 

m 

associated 

in Victoria 

were 

period, 

1, 

upwelling event 

of observed m this area during 

no upwelling was detected the overall concentrations were 

much lower than in cruise 1. 

elevated concentrations and high diversity of taxa found off Seaspray during 

summer cruise 2 (n = 32) are likely to reflect the abundance of inshore rocky reef 

habitats around Wilsons Promontory and its neighbouring islands, as well as the 

presence of the nearby Comer Inlet. Shipboard current data in this area at that time 

revealed the presence of an inshore anticyclonic eddy that would have lasted for at least 

two days. The presence of this eddy, combined with both the prevailing east\vard 

current at that time and the southward protruding topography of Wilsons Promontory, is 

likely to favour the retention of ichthyoplankton in this area during summer. 

The markedly low incidence of fish eggs during this study prevented us from locating 

spawning areas of important commercial species. However, given the typically low 

productivity of Bass Strait, the high larval concentrations in coastal waters of western 

Victoria-eastern South Australia and to the east of Wilsons Promontory indicate that 

both areas are of considerable importance to larval fishes and consequently possibly 

also for spawning. The high concentrations of pilchard and jack mackerel larvae in the 

former region during summer suggests that they may belong to the spawning stock 

found off central South Australia. Larval spotted warehou (Seriollela punctata) were 

restricted to the eastern comer of Victoria during the winter, implying that they spawn 

nearby. By contrast, the distribution of larvae of barracouta and blue warehou 

(Seriollela brama) suggests that they spawn across a much larger area. In the case of 

King George whiting, the very few larvae that were caught within Portland Bay during 

winter cruise 4 turned out to be the smallest (9.1-11.1 mm SL) and youngest (52-63 d) 

ever collected in Victorian waters. In addition, since the average current in this area 

during winter is predominantly westwards, these larvae were likely to have been 

transported from the west, which in tum implies that the main spawning grounds are to 

the west of the collection area. This finding is consistent with simulations to predict 

spawning areas of King George whiting, based on reverse modelling and larval 

durations of recruits caught in bays and inlets further to the east. 
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and larval fish 
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larvae caught in 
contributions to the total caught during 
alphabetical 

their respective 
arranged in 

Table 7. Total uu,"uv~, of larvae (non-standardised) 
within family along southeastem during summer 
1997) and 2 1997) taxa 
arranged in decreasing order """'-''-",'"·"'"' total numbers caught. 

Summary of teleost families ,"_,..,,,,.,,_, 
1998) and 4 998) coastal waters of 

(non-standardised), their respective 
Families been 

Families and taxa 
according to 

10. Summary of maximum larval fish 
maximum ._,.,,, .. J~. 

depth strata 
of taxa identified as larvae 

this study. 

and 
and 

11. Occurrence larvae of selected species during this study. The transects 
(T) where larvae were caught are given for each of the cruises. The concentration 

provided for each of the species each of the positive (nos 100 
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to current velocity (m/s). 
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are proportional to current velocity (m/s). 
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current ~~,.,~,i, length oflines are proportional to current velocity (m/s). 

Figure Simulated hydrodynamic current model southeastem Australia at a depth 
of 35-55 m obtained the 10-24 1997 1). 
current 
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10-18 1 

are proportional to current velocity 

at a depth 
indicate 

indicate 

cmTent model of "'·"~"'""'"u,.,..., Australia at a depth 
period 10-18 1997 (Cruise 2). Arrows indicate 

current direction; length of lines are proportional to cmrent 
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Spawning and larval fish recruitment processes in Victoria 

Figure 6C. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 15-35 m obtained for the period 10-18 December 1997 (Cruise 2). Arrows indicate 
current direction; length oflines are proportional to current velocity (m/s). 

Figure 6D. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 35-55 m obtained for the period 10-18 December 1997 (Cruise 2). Arrows indicate 
current direction; length oflines are proportional to current velocity (m/s). 

Figure 6E. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 55-75 m obtained for the period 10-18 December 1997 (Cruise 2). Arrows indicate 
current direction; length oflines are proportional to current velocity (m/s). 

Figure 7 A. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 0-5 m obtained for the period 30 May to 8 June 1998 (Cruise 3). Arrows indicate 
current direction; length of lines are proportional to current velocity (m/s ). 

Figure 7B. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 5-15 m obtained for the period 30 May to 8 June 1998 (Cruise 3). Arrows indicate 
current direction; length oflines are proportional to current velocity (m/s). 

Figure 7C. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 15-35 m obtained for the period 30 May to 8 June 1998 (Cruise 3). Arrows indicate 
current direction; length of lines are proportional to current velocity (m/s). 

Figure 7D. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 35-55 m obtained for the period 30 May to 8 June 1998 (Cruise 3). Arrows indicate 
current direction; length oflines are proportional to current velocity (m/s). 

Figure 7E. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 55-75 m obtained for the period 30 May to 8 June 1998 (Cruise 3). Arrows indicate 
current direction; length oflines are proportional to current velocity (m/s). 

Figure SA. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 0-5 m obtained for the period 21-29 July 1998 (Cruise 4). Arrows indicate current 
direction; length of lines are proportional to current velocity (m/s ). 

Figure SB. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 5-15 m obtained for the period 21-29 July 1998 (Cruise 4). Arrows indicate current 
direction; length oflines are proportional to current velocity (m/s). 

Figure SC. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 15-35 m obtained for the period 21-29 July 1998 (Cruise 4). Arrows indicate current 
direction; length of lines are proportional to current velocity (m/s). 

Figure SD. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 35-55 m obtained for the period 21-29 July 1998 (Cruise 4). Arrows indicate current 
direction; length of lines are proportional to current velocity (m/s). 

Figure SE. Simulated hydrodynamic current model of southeastem Australia at a depth 
of 55-75 m obtained for the period 21-29 July 1998 (Cruise 4). Arrows indicate current 
direction; length oflines are proportional to current velocity (m/s). 
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Spawning and larval fish recruitment processes in Victoria 

Figure 9A. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 
southeastem Australia during Cruise 2 at 12:00 h on December 12, 1997. Arrows 
indicate current direction; length oflines are proportional to current velocity (m/s). 

Figure 9B. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 
southeastem Australia during Cruise 2 at 18:00 h on December 12, 1997. Arrows 
indicate current direction; length of lines are proportional to current velocity (m/s). 

Figure 9C. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 
southeastem Australia during Cruise 2 at 00:00 h on December 13, 1997. Arrows 
indicate current direction; length oflines are proportional to current velocity (m/s). 

Figure 9D. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 
southeastem Australia during Cruise 2 at 00:60 h on December 13, 1997. Arrows 
indicate current direction; length oflines are proportional to current velocity (m/s). 

Figure 9E. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 
southeastem Australia during cruise 2 at 12:00 h on December 13, 1997. Arrows 
indicate current direction; length oflines are proportional to current velocity (m/s). 

Figure 9F. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 
southeastem Australia during cruise 2 at 18:00 h on December 13, 1997. Arrows 
indicate current direction; length oflines are proportional to current velocity (m/s). 

Figure 10. Tidally corrected shipboard ADCP current measurements for the area just 
east of Wilsons Promontory during cruise 2 on the 12/13 of December, 1997. Arrows 
indicate current direction; length oflines are proportional to current velocity (m/s). 

Figure llA. Sea surface temperatures in southeastem Australia on January 30, 1997 
(NOAA satellite image obtained from CSIRO). 

Figure l1B. Sea surface temperatures in southeastem Australia on December 11, 1997 
(NOAA satellite image obtained from CSIRO). 

Figure llC. Sea surface temperatures in southeastem Australia on May 25, 1998 
(NOAA satellite image obtained from CSIRO). 

Figure 12A. Vertical temperature profiles in transects 1 (Gabo Island) to 8 (Port 
MacDonnell) in southeastem Australia during cruise 1 (Jan-Feb 1997). 

Figure l2B. Vertical temperature profiles in transects 1 (Gabo Island) to 8 (Port 
MacDonnell) in southeastem Australia during cruise 2 (Dec 1997). Transect 6 (Port 
Campbell) was not sampled. 

Figure 12C. Vertical temperature profiles in transects 1 (Gabo Island) to 7 (Portland) in 
southeastem Australia during cruise 3 (May-Jun 1998). Transect 8 (Port MacDonnell) 
was not sampled. 

Figure 120. Vertical temperature profiles in transects 1 (Gabo Island) to 6 (Port 
Campbell) in southeastem Australia during cruise 4 (Jui 1998). Transect 3 (Seaspray) 
was not sampled; data for transects 7 (Portland) and 8 (Port MacDonnell) are 
incomplete. 
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Spawning and larval fish recruitment processes in Victoria 

Figure 41. Spatial distribution of barracouta larvae (nos per 100 m3) by depth stratum 
along southeastern Australia during cruise 4 (Jul 1998). Transects 3 (Seaspary) and 8 
(Port MacDonnell) were not sampled. 

Figure 42. Mean concentration ( + 1 SD) of barracouta larvae (nos per 100 m3) by depth 
stratum and distance from shore for the Portland and Port Campbell transects combined 
(western Bass Strait) during cruise 1 (Jan-Feb 1997). 

Figure 43. Mean concentration(+ lSD) ofbarracouta larvae (nos per 100 m3) by depth 
stratum and distance from shore for the Cape Liptrap and Seaspray transects combined 
(eastern Bass Strait) during cruise 2 (Dec 1997). No larvae were caught in the 100-75 m 
depth strata. 

Figure 44. Spatial distribution of jack mackerel larvae (nos per 100 m3) by depth 
stratum along southeastern Australia during cruise 1 (Jan-Feb 1997). 

Figure 45. Spatial distribution of jack mackerel larvae (nos per 100 m3) by depth 
stratum along southeastern Australia during cruise 2 (Dec 1997). Transect 6 (Port 
Campbell) was not sampled. 

Figure 46. Vertical distribution of jack mackerel larvae (nos per 100 m3) along Port 
Campbel (T6), Portland (T7) and Port MacDonnell (T8) during cruise 1 (Jan-Feb 1997). 
Larval concentrations have been plotted over vertical temperature profiles obtained 
during sampling period. Shaded area in each plot corresponds to the shelf profile. 

Figure 47. Mean concentration(+ lSD) of jack mackerel larvae (nos per 100 m3) by 
depth stratum and distance from shore for the Portland and Port Campbell transects 
combined (western Bass Strait) during cruise 1 (Jan-Feb 1997). 

Figure 48. Spatial distribution of sand flathead larvae (nos per 100 m3) by depth 
stratum along southeastem Australia during cruise 1 (Jan-Feb 1997). 

Figure 49. Spatial distribution of sand flathead larvae (nos per 100 m3) by depth 
stratum along southeastern Australia during cruise 2 (Dec 1997). Transect 6 (Port 
Campbell) was not sampled. 

Figure 50. Spatial distribution of eastern school whiting larvae (nos per 100 m3) at the 
25-0 and 50-25 m depth strata along southeastern Australia during cruises 1 (Jan-Feb 
1997) and 2 (Dec 1997). 

Figure 51. Spatial distribution of blue warehou larvae (nos per 100 m3) by depth 
stratum along southeastern Australia during cruise 1 (Jan-Feb 1997). 

Figure 52. Spatial distribution of blue warehou larvae (nos per 100 m3) by depth 
stratum along southeastern Australia during cruise 3 (May-Jun 1998). Transect 8 (Port 
MacDonnell) was not sampled. No larvae were caught in the 75-50 or the 100-75 m 
depth strata. 

Figure 53. Spatial distribution of blue warehou larvae (nos per 100 m3) by depth 
stratum along southeastern Australia during cruise 4 (Jui 1998). Transects 3 (Seaspray) 
and 8 (Port MacDonnell) were not sampled. No larvae were caught in the 100-75 m 
depth stratum. 
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Spawning and larval fish recruitment processes in Victoria 

Figure 54. Mean concentration (+lSD) of blue (Seriollela brama) and spotted warehou 
(Seriollela punctata) larvae (nos per 100 m3) combined for the Barwon Heads-Port 
Campbell and the Gabo Island-Cape Conran transects, respectively, during winter cruise 
4 (Jui 1998). Concentration data were pooled for all stations sampled in those transects. 

Figure 55. Spatial distribution of spotted warehou larvae (nos per 100 m3) by depth 
stratum along southeastern Australia during cruise 4 (Jui 1998). Transects 3 (Seaspray) 
and 8 (Port MacDonnell) were not sampled. No larvae were caught in the 100-75 m 
depth stratum. 

Appendix 

Appendix 1. Personnel from the Marine and Freshwater Resources Institute (MAFRI) 
who participated during the RV Franklin cruises 1 to 4 in 1997/98. Abbreviations: PI= 
Principal Investigator; MS= Marine Scientist; TO= Technical Officer; TA= Technical 
Assistant. 

Appendix 2. Summary of transects ( east to west) and stations sampled, and number of 
plankton samples taken with different sampling gear during summer cruise 1 (January/ 
February 1997). * indicates EZ not employed due to bad weather. 

Appendix 3. Summary of transects ( east to west) and stations sampled, and number of 
plankton samples taken with different sampling gear during cruise summer 2 (December 
1997). * indicates EZ not employed due to bad weather. 

Appendix 4. Summary of transects ( east to west) and stations sampled, and number of 
plankton samples taken with different sampling gear during winter cruise 3 (May/June 
1998). n indicates night sample;* indicates EZ not employed due to bad weather. 

Appendix 5. Summary of transects ( east to west) and stations sampled, and number of 
plankton samples taken with different sampling gear during winter cruise 4 (July 1998). 
* indicates EZ not employed due to bad weather. 

Additional figures 

Front cover. 8.3 mm BL transforming stage of eastern Australian salmon, Arripis trutta 
(Arripidae) caught in offshore waters off eastern Tasmania. Illustrated by F.J. Neira 
(adapted from Neira et al., 1998). 

Last page (150). The RV Franklin, the research vessel utilised during all four surveys 

carried out during this study. 
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and larval fish recrnitment in Victoria 

Some of the larval fishes refereed to in this report. A. 13.6 mm BL flexion larva of pilchard, Sardinops sagax (Clupeidae). B. 7.8 
mm BL postflexion larva of jack mackerel, Trachurus declivis (Carangidae). C. 8.3 mm BL late flexion larva of blue warehou, 
Seriolella brama (Centrolophidae ). D. 18. 7 mm settlement stage of King George whiting, Sillaginodes punctata (Sillaginidae ). E. 
10.0 mm BL postflexion Jarva of gurnard, Lepidotrigla modes/a (Triglidae). F. 8.2 mm BL late flexion larva of barracouta, Thyrsites 
atun (Gempylidae). lllustrated by F. J. Neira (A, C, E), T. Tmski (B,F) and B.D. Bruce (D) (adapted from Neira et al., 1998). 
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Spawning and larval fish recruitment processes in Victoria 

and use bays and inlets as early(= larval) nursery area and which spawn within these 

systems and subsequently migrate to coastal waters, are likely to be determined during 

this project. Overall, the results of this proposed research will be important for fisheries 

management plans, ESD objectives, the prediction of recruitment, and to maximise 

harvest of important commercial fisheries. 

3. OBJECTIVES 

The main objective of this project was to collect ichthyoplankton and physical, chemical 

and oceanographic data along Victorian waters and eastern South Australia during the 

summer of 1997 and the winter of 1998. Data obtained on the composition, abundance 

and spatial distribution of fish eggs and larvae in the two seasons was used to estimate 

spawning areas and season of commercially important fish species. Distribution and 

abundance of fish eggs and larvae were correlated with environmental variables in an 

attempt to identify possible retention areas and evidence of passive/active transport of 

these early stages. Samples collected during both periods will also be used to determine 

the spatial and seasonal distribution of rock lobster phyllosomes and giant crab 

megalopa. Specific objectives of this study included: 

1. To describe the composition, abundance and spatial distribution of fish eggs and 

larvae, with particular reference to the early stages of commercially important 

inshore fish species and those of the South East trawl fishery. 

2. To determine the areas and season of the spawning of King George whiting 

(Sillaginodes punctata) off the Victorian coast. 

3. To determine the abundance of the different developmental stages of King George 

whiting at different locations and identify the pathway( s) of larval transport by back­

calculating from the age of larvae. 

4. To determine the areas and season of spawning of pilchards (Sardinops sagax) off 

the Victorian coast, and to describe the horizontal and vertical distribution of eggs 

and larvae. 

5. To identify regions of changing nutrient and chlorophyll concentration, and their 

relationship to physical properties and ichthyoplankton abundance. 

6. To collect physical oceanographic data and satellite images to extend the 3-D Bass 

Strait hydrodynamic model of coastal currents. 

7. To describe the spatial and seasonal distribution of rock lobster phyllosomes and 

giant crab megalopa. 
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Figure 2. Map of the coast of southeastem South Australia and Victoria showing the 

cruise track followed by the RV Franklin during the four cruises in 1997 and 1998. The 

arrows in each transect indicate the direction in which the sampling was carried out. 
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Spawning and larval fish recruitment processes in Victoria 

along each transect were sampled starting either from the inshore-most (2 nm) 

southwards to the offshore-most station (32 nm), or from the offshore-most northwards 

to the inshore-most station, depending on sea conditions or the postion of the vessel at a 

particular time. Time spent on each station was about 2-3 hours. 

4.2 Plankton sampling regime 

4.2.1 Ichthyoplankton samples 

A total of 345 vertically-stratified and 149 surface (neuston) ichthyoplankton samples 

were collected during the four cruises in 1997/98. An additional 73 random neuston 

samples were taken at night in all cruises (20:00 - 00:00 hrs). These additional samples 

consisted of three random samples taken after completing the last station of a transect 

and while underway to the next transect. Overall, a total of 567 samples were taken in 

all four cruises (Table 3). 

Table 3. Total number of ichthyoplankton samples obtained during the four cruises 

on board the RV Franklin along the Victorian coast in 1997 and 1998. 

Cruise 1 Cruise 2 Cruise 3 Cruise 4 TOTAL 

Jan- Feb 97 Dec-97 May-June 98 Jul-98 

Vertically-stratified samples 

• EZnet 75 60 82 81 298 

• Bongo net (25-0 m) 15 16 11 5 47 

Neuston samples 40 32 38 39 149 

Additional neuston samples 17 12 18 26 73 

Total samples 147 120 149 151 567 

4.2.1.1 Vertically-stratified sampling 

Vertically-stratified ichthyoplankton samples were taken at each station with a lm2 

mouth opening-closing EZ (BIONESS) sampler fitted with four 500 µm mesh nets and 

removable soft codends (Fig. 3A,B). The EZ-net sampler was deployed from the stem of 

the RV Franklin and lowered to the maximum permissible depth (in waters <100 m 

deep) or to 100 m (in waters > 100 m deep). Towing speed varied between 2 and 3 knots 

and all tows were carried out in an oblique fashion from the deepest stratum to the 

surface. Samples in waters :::100 m deep were obtained in the strata 100-75, 75-50, 50-

25 and 25-0 m using the four nets, each of which was opened and towed for 15 minutes 

per stratum. In shallow stations, ie. <30 m deep, a 15 minute oblique tow in the strata 

25-0 m was carried out using the bongo sampler (see below) instead of the EZ-net. Each 

net was opened and closed at the desired depth employing an on-board control system 
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Spawning .and larval fish recruitment processes in Victoria 

with a cadmium coil (Morris & Riley, 1963) as automated by Technicon (1972). 

Phosphate (P04) was measured by the molybdenum blue method of Murphy and Riley 

(1962) as automated by Technicon (1973b). Monomeric reactive silicate (Si04) was 

measured by the method of Koroleff (1972) as automated by Technicon (1973c ). System 

blanks and standards were analysed frequently to detect drift and changes in sensitivity. 

Nutrient concentrations measured in the field were digitised and recorded on computer, 

and are reported in micro-moles per litre (µM). Ammonium, nitrite and nitrate 

concentrations were added together to obtain dissolved inorganic nitrogen (DIN, µM). 

By measuring the time a spiked sample took to travel through the system, and the degree 

to which the spike broadened, we were able to estimate that the system deployed from 

the RV Franklin was capable of resolving features no smaller than 60 seconds, or about 

200-300 m horizontally, at a cruising speed of 8-10 knots. Therefore, data from surface 

underway analyses were averaged over one minute intervals. 

Underway chlorophyll a fluorescence was measured with a Seatech submersible 

fluorometer. Data were digitised with a Data Electronics DT 500 data logger and stored 

on computer. Fluorescence was converted to chlorophyll a (µg/1) by least-squares linear 

regression against chlorophyll samples collected by gravity filtration through Whatman 

GF/F glass fibre filters. These were stored frozen, then extracted by ultrasonication in 

ice-cold 90% acetone, followed by polychromatic spectrophotometric determination 

(Strickland & Parsons, 1972) with the equations of Jeffrey and Humphrey (1975). 

Precision for the various methods used during this study to measure hydrochemical 

variables is given in Table 4. 

Table 4. Precision ofunderway methods employed to measure inorganic nutrient 

during the cruises carried out in southeastem Australia in 1997 /98. 

Variable Precision 
Ammonium 0.1 µM 
Nitrite 0.05 µM 
Nitrate 0.1 µM 
Phosphate 0.05 µM 
Silicate 0.1 µM 
Chlorophyll a -0.1 µg L-1 
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Spawning and larval fish recruitment processes in Victoria 

Figure 3. Plankton samplers employed during this study. (A, B) the CSIRO EZ net used 

for sampling plankton at different strata through the water column; (C) the MAFRJ 

bongo sampler used for surface (neuston) and some of the 25-0 m tows. 
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Spawning and larval fish recruitment processes in Victoria 

Figure 4. The CSIRO CTD rosette used in this study showing five Niskin bottles. 

Table 5. Summary of hydrological and inorganic nutrient data received, processed and 
plotted* for cruises 1-4 on board the RV Franklin in 1997/98. Water current data from 
the ADCP was only obtained in cruises 2 and 4. Dissolved inorganic nitrogen** = 
ammonium + nitrite + nitrate. Abbreviations: ID, Incomplete data; MD, Missing data; 
NA, Not available; NS, Not sampled. Transects: TI, Gabo Island; T2, Cape Conran; T3, 
Seaspray; T4, Cape Liptrap; T5, Barwon Heads; T6, Port Campbell; T7, Portland; T8, 
Port MacDonnell. 

CRUISE 1 CRU1SE2 
JANUARY - FEBRUARY 1997 DECEMBER 1997 

Transect/variable Tl T2 T3 T4 T5 T6 T7 T8 Tl T2 T3 T4 T5 T6 T7 T8 
Temperature * * * * * * * * * * * * * NS * * 
Salinity * * * * * * * * * * * * * NS * * 
Fluorescence * * * * * * * * * ID * * * NS * * 
Sigma-T * * * * * * * * * * * * * NS * * 
Phosphate * * * * * * * * * * * * * NS * * 
Silicate * * * * * * * * * * * * MD NS * * 
Dissolved inorganic 
nitrogen** MD * * * * * * * * MD MD * MD NS * * 

CRU1SE3 CRU1SE4 
MAY-JUNE 1998 JULY 1998 

Transect/variable Tl T2 T3 T4 T5 T6 T7 T8 Tl T2 T3 T4 T5 T6 T7 T8 
Temperature * * * * * * * NS * * NS * * * ID ID 
Salinity * * * * * * * NS * * NS * * * ID ID 
Fluorescence * * * * * * * NS * * NS * * * ID ID 
Sigma-T * * * * * * * NS * * NS * * * ID ID 
Phosphate * * * * * * * NS * * NS * * * ID ID 
Silicate * * * * * * * NS * * NS * * * ID ID 
Dissolved inorganic 
nitrogen** * * * * * * ID NS * * NS * * * ID ID 
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Spawning and larval fish recruitment processes in Victoria 

tends to be small and therefore tidal currents would have little influence on dispersal of 

larval fishes that go through long pelagic larval phases. The primary determinants of net 

water movement in the region are wind-driven currents and coastal trapped waves 

(Middleton & Black, 1994). The density structure of Bass Strait ranges from well mixed 

in winter to strongly stratified in central areas in summer (Baines & Fandry, 1983). 

4.4.2 Numerical modelling 

The western boundary of the model grid was placed near Ceduna, South Australia using 

the boundary condition techniques proved by Middleton and Black (1994). This 

involved adding coastal-trapped wave oscillations to the boundary sea levels using 

measured coastal water levels at Thevenard (Ceduna). Measured winds were taken from 

Ceduna, Cape Borda (Kangaroo Island), Cape Nelson (Portland), Cape Otway, Wilson's 

Promontory, Flinders Island, Low Head (Tasmania) and Gabo Island and interpolated 

using inverse distance weighting (Black, 1995) onto each model cell. 

We used the three-dimensional hydrodynamic model 3DD (Black, 1995) and dispersal 

model POL3DD (Black, 1996). The three-dimensional hydrodynamic model had six 

depth strata, namely 0-5, 5-15, 15-35, 35-55, 55-75, and 75-6000 m. The model region 

was based on a grid of 10 x 10 km square cells, 178 cells east-west by 91 cells north­

south. In the dispersal model the horizontal eddy diffusivity was set at 0.0015 m2 s-1. 

Calibration of the model is described in Jenkins et al. (in press). The periods simulated 

corresponded to the four sampling cruises: 24 January to 1 February 1997; 10 to 18 

December 1997; 30 May to 8 June 1998 and 21 to 29 July 1998. The average current 

vectors over each cruise period were determined for each of the model depth layers. 

Initial simulations did not include the significant water column stratification that was 

evident in CTD data from the two summer cruises. Simulations were repeated for the 

summer cruises incorporating water column stratification specified at the western 

boundary that was an approximate average stratification determined from the CTD data 

for each cruise. This inclusion had a minimal effect on the mean residual currents for the 

cruise periods, although finer-scale differences would be expected. 

4.4.3 Shipboard ADCP 

To investigate the possible existence of an anticyclonic gyre to the east of Wilsons 

Promontory in December 1997, ADCP underway current estimates were subjected to an 

approximate correction for tidal currents to determine the residual current flow. From a 

previous model simulation of tidal currents in Bass Strait we selected a fragment of tidal 

current data of the approximate period (days) and range that occurred near Wilsons 

Promontory on December 12/13, 1997. The approximate tidal current vector relevant to 
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Spawning and larval fish recruitment processes in Victoria 

4.6.2 Treatment of data 

4.6.2. l Larval fish abundances and mapping 

The numbers of larvae of all taxa combined and of each of the individual taxa caught by 

each net of the EZ sampler in each tow were transformed to concentration and expressed 

as numbers per 100 m3 employing the total volume of water filtered. In the case of the 

bongo sampler, the number of larvae of all taxa combined and of each of the individual 

taxa caught were added for both nets and tranformed to concentrations (nos per 100 m3) 

by totalling the volumes filtered by both nets. Larvae caught in the additional surface 

samples randomly taken with the bongo sampler in all four cruises across the survey 

area were treated in the same manner as above. Of the taxa caught, however, only larvae 

of pilchard (Sardinops sagax) were indiviadually counted and the data plotted together 

with the data obtained for each depth stratum sampled with the EZ sampler. For 

mapping and statistical analyses ( see below), larval fish data were entered into an 

Microsoft ACCESS database with fields such as cruise, transect, station, depth, family, 

taxa, number of larvae and volume of water filtered. 

Horizontal plots showing data on concentration of larvae of selected fish taxa per station 

and depth stratum (nos per 100 m3) were constructed using the Classed Post Maps 

option of SURFER® software package. Concentrations of all larvae combined and those 

of selected fish species (nos per 100 m3) by depth (m) against distance offshore (nm) 

were constructed using the Classed Post Maps option of SURFER® and overlayed to 

contour temperature profiles. T?tal number of taxa identified as larvae per transect and 

cruise were plotted by depth (m) against distance offshore (nm) in the same manner as 

above. 

4.6.2.2 Vertical and surface maps of physical and hydrochemical variables 

Depth profiles of temperature, salinity, density (Sigma-T), fluorescence and inorganic 

nutrients ( dissolved inorganic nitrogen, phosphate and silicate) were produced for each 

transect and each cruise using the Kriging procedure (linear variogram model) of the 

SURFER® software package. Kriging is a geostatistical gridding method that 

interpolates irregularly spaced data to produce contour and surface plots, ie. it uses the 

spatial covariance between samples to estimate densities at points on a fine mapping 

grid. Each transect profile consists of a contour map of the specific variable plotted by 

depth (m) against distance offshore (nm). 

Horizontal maps of surface temperature and chlorophyll a for the area surveyed during 

each of the four cruises were constructed by spatial interpolation using the Kriging 

procedure of the SURFER® software package (see above for details). 
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Spawning and larval fish recruitment processes in Victoria 

5.1.2 Sea surface temperatures 

Satellite images of sea surface temperatures (SST) showed distinctive features over the 

summer cruise periods (Fig. l lA-B). A strong upwelling of cold water (10-12°C) was 

evident along the western Victorian coast between Port Campbell and Portland in both 

February and December 1997, which coincided with a period of strong along-shore 

westward currents that are common over summer (Fig. l lA,B). In addition, several 

small eddies, some of which may be associated with the East Australian Current (EAC), 

were present predominantly in the image from December 1997 (Fig. 1 lB). No 

distinctive features were identified in the image from May 1998 other than the presence 

of cold water of about 10°C over the whole of Bass Strait (Fig. 11 C). 

5 .1.3 Vertical temperature and salinity profiles 

Though vertical and horizontal variations were observed in both temperature (Fig. 12A­

D) and salinity (Fig. 13A-D), the mixing of water bodies and impact of water bodies on 

neutral or positively buoyant particles such as fish eggs and larvae is much more easily 

understood by examining density (crt). While density is a complex function of both 

temperature and salinity, the major density features described during this study for Bass 

Strait were influenced much more by temperature than salinity variations. 

5 .1.4 Water column stability (Density, O't) 

The major changes in density (crt) during cruise 1 (Jan-Feb 1997) were with depth (Fig. 

14A). Density (cr1) varied from 25.7 to 26.5 on the Gabo Island transect, with strong 

vertical gradients. Similar ranges and degree of vertical stratification were observed off 

Cape Conran, Barwon Heads, Portland and Port MacDonnell. The water column off 

Cape Liptrap and Port Campbell was well-mixed dowm to about 30 m and stratified 

below that depth, while the whole water column off Seaspray was well-mixed vertically, 

but became increasingly dense offshore. Off Portland, the O"t = 26.6 line rose from 200 

to 125 m within 10 nm of the coast, indicating the possibility of sub-surface nutrient 

enrichment by upwelling (Fig. 14A). 

Differences in density with longitude were evident during cruise 2 (Dec 1997) (Fig. 

14B). Density varied between 25.4 and 26.5 east of Seaspray, and between 25.9 and 

26.6 west of Seaspray. This was due to the influence of surface waters east of Seaspray 

which were of a lower salinity than in the rest of Bass Strait (possibly from the East 

Australian Current). Off Gabo Island, Cape Conran and Port MacDonnell, the water 
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column was vertically stratified, with the isolines shallowing nearshore. For example, 

the O"t = 26.3 line rose from 100 m 32 nm off Cape Conran to 20 m depth 2 nm from 

shore, indicating the possibility of upwelling on each of these transects. Off Port 

Campbell, the surface 30 m was well-mixed, but upwelling to within 50 m of the 

surface was evident offshore from about 8 nm. Density increased offshore of both 

Seaspray and Cape Liptrap, with vertically well-mixed water columns. The water 

column off Barwon Heads was vertically stratified below a well-mixed 30 m surface 

layer (Fig. 14B). 

The major differences in density during cruise 3 (May-Jun 1998) were with distance 

from shore (Fig. l 4C). There was no significant difference in density with longitude, 

and the range of density was smaller along most transects than on the two summer 

cruises ( eg. 26.2-26.5 off Cape Conran). The densest water occurred close to shore for 

all transects except Cape Conran and Portland, where density increased offshore. At all 

sites, the water column was well-mixed vertically to at least 50 m from the surface. 

There was no evidence in the density structure to indicate upwelling (Fig. 14C). 

Bad weather prevented any measurements off Portland and Port MacDonnell during 

cruise 4 (Jui 1998) (Fig. l4D). The density range declined further on each transect 

between June and July 1998, with cr1 for all samples in July ranging between 26.4 and 

26.8. The water column was well-mixed vertically off Cape Liptrap, Barwon Heads and 

Port Campbell, with the highest density at the shore-ward end of the Cape Conran, 

Barwon Heads and Port Campbell transects. Lenses of high density water were 

observed at 100 depth 16 nm off Gabo Island, and at 50 m depth 4-8 nm off Cape 

Conran (Fig. l4D). 

Final Report, FRDC 96/116 - Results Page 22 



10/1/97 to 24/1/97 Mean -vector 

90 

80 

70 

60 

50 
C.-, 

40 

30 

20 

10 

20 40 60 80 I 00 120 140 160 

m/s 
200km 

current 

of m obtained 

to cmTent velocity 

Bsxtl 296.out, l 0/1 /97 to 24/l/97 Mean vector k = 2 

90 

80 

70 

60 

50 

40 

30 

20 

10 

20 

5-15 m obtained 

current direction; 

' ~ ~ • ~ ~ " ~ • 0 ~ ~ • ' ' < ~ ' • ~ ~o ,, ~ ~ ' ' I ~ ~ 

•~~~~~-~~•~••••••.<o,rrr~~,~~,, 

40 60 

r-:---1 
L9~ 

of are 

80 100 

current 

1 

Final 

120 140 160 

200 km 

at a 

FRDC 96/116 - Resuits 23 



90 

4{> 
,f 

30 

20 
(' ... 

10 

20 40 

1 

current 

10/1 /97 to 24/l/97 iv!ean vector = 3 

; '.>~~...,,···-,:,;;, 
''' ~". '.l, ,~-1,-..... ...,,,.,,, ........... ...,""~.,_,,,,.,,. ~ -~ -~ ~ - .,, • 

' ' '''' · ~ , .. ,.-,.-~~-,...,,,...,=---. · "'-'-"'!~,,-s."", ~ • ~ ~//e·,!'~·-v•·~ 
. •' . '<. ' ,, ~,. ~ ~ ~ -. .., ,., "°"""'"'' - "'<1, J • lt ~.' e 

' ' ~ ~ ••• ' .• ' ~ ~ '" " ~ ~ ,, " ~ • ' • ~ ... ';, .., \1 '; .,. 

60 

m/s 

80 

current 

1 

00 

1997 

to current 

120 

200 km 

at a 

Bsxtl296.out, 10/1/97 to 24/1/97 Mean vector k = 4 

90 

80 

70 

60 

50 ... 
40 

30 

20 

10 

20 40 

m obtained for 

60 80 10-0 

current model of 

period 1 1997 

120 140 

200km 

! 60 

at a depth 

indicate 

to cmTent velocity 

Final FRDC 96/116 - Results Page 24 



I 

Spawning and larval fish recruitment processes in Victoria 
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Figure SE. Simulated hydrodynamic current model of southeastern Australia at a depth 

of 55-75 m obtained for the period 10-24 January 1997 (Cruise 1). Arrows indicate 

current direction; length oflines are proportional to current velocity (m/s). 
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Figure 6A. Simulated hydrodynamic current model of southeastern Australia at a depth 

of 0-5 m obtained for the period 10-18 December 1997 (Cruise 2). Arrows indicate 

current direction; length of lines are proportional to current velocity (m/s). 
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Spawning and larval fish recruitment processes in Victoria 

Bsxt0598.out, 30/5/98 to 8/6/98 Mean Velocity vector k = 3 

40 60 80 100 

I ~.05 m/s 

120 

t I I 
200km 

140 160 

Figure 7C. Simulated hydrodynamic current model of southeastem Australia at a depth 

of 15-35 m obtained for the period 30 May to 8 June 1998 (Cruise 3). Arrows indicate 

current direction; length of lines are proportional to current velocity (m/s). 
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Figure 7D. Simulated hydrodynamic current model of southeastem Australia at a depth 

of 35-55 m obtained for the period 30 May to 8 June 1998 (Cruise 3). Arrows indicate 

current direction; length oflines are proportional to current velocity (m/s). 
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Spawning and larval fish recruitment processes in Victoria 
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Figure 8D. Simulated hydrodynamic current model of southeastem Australia at a depth 

of 35-55 m obtained for the period 21-29 July 1998 (Cruise 4). Arrows indicate current 

direction; length oflines are proportional to current velocity (m/s). 
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Figure SE. Simulated hydrodynamic current model of southeastem Australia at a depth 

of 55-75 m obtained for the period 21-29 July 1998 (Cruise 4). Arrows indicate current 

direction; length of lines are proportional to current velocity (m/s). 
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Spawning and larval fish recruitment processes in Victoria 

Velocity vector at t = 13/12/1997 0: O: 0 k = 1 
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Figure 9C. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 

southeastem Australia during Cruise 2 at 00:00 h on December 13, 1997. Arrows 

indicate current direction; length oflines are proportional to current velocity (m/s). 
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i 

Figure 9D. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 

southeastem Australia during Cruise 2 at 06:00 h on December 13, 1997. Arrows 

indicate current direction; length oflines are proportional to current velocity (m/s). 
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Spawning and larval fish recruitment processes in Victoria 

Velocity vector at t = 13/12/1997 12: O: 0 k = 1 
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Figure 9E. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 

southeastem Australia during cruise 2 at 12:00 h on December 13, 1997. Arrows 

indicate current direction; length of lines are proportional to current velocity (m/s). 
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Figure 9F. Surface (0-5 m) current vectors predicted by hydrodynamic modelling for 

southeastem Australia during cruise 2 at 18:00 h on December 13, 1997. Arrows 

indicate current direction; length oflines are proportional to current velocity (m/s). 
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Spawning and larval fish recruitment processes in Victoria 
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Figure 10. Tidally corrected shipboard ADCP current measurements for the area just 

east of Wilsons Promontory during cruise 2 on the 12/13 of December, 1997. Arrows 

indicate current direction; length oflines are proportional to current velocity (m/s). 
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Figure llA. Sea surface temperatures in southeastem Australia on January 30, 1997 

(NOAA satellite image obtained from CSIRO). 
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Spawning and larval fish recruitment processes in Victoria 
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Figure llB. Sea surface temperatures in southeastem Australia on December 11, 1997 

(NOAA satellite image obtained from CSIRO). 
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Figure llC. Sea surface temperatures in southeastem Australia on May 25, 1998 

(NOAA satellite image obtained from CSIRO). 
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Figure 12A. Vertical temperature profiles in transects 1 (Gabo Island) to 8 (Port MacDonnell) 
in southeastem Australia during cruise 1 (Jan-Feb 1997). 
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Figure I2C. Vertical temperature profiles in transects 1 (Gabo Island) to 7 (Portland) in 
southeastem Australia during cruise 3 (May-Jun 1998). Transect 8 (Port MacDonnell) 
was not sampled. 
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Figure l2D. Vertical temperature profiles in transects 1 (Gabo Island) to 6 (Port Campbell) 
in southeastern Australia during cruise 4 (Jui 1998). Transect 3 (Seaspray) was not sampled; 
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Figure l3B. Vertical salinity profiles in transects 1 (Gabo Island) to 8 (Port MacDonnell) in 
southeastem Australia during cruise 2 (Dec 1997). Transect 6 (Port Campbell) was not 
sampled. 
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Figure 13C. Vertical salinity profiles in transects 1 (Gabo Island) to 7 (Portland) in 
southeastem Australia during cruise 3 (May-Jun 1998). Transect 8 (Port MacDonnell) 
was not sampled. 
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Figure 13D. Vertical salinity profiles in transects 1 (Gabo Island) to 6 (Port Campbell) 
in southeastem Australia during cruise 4 (Jul 1998). Transect 3 (Seaspray) was not sampled; 
data for transects 7 (Portland) and 8 (Port MacDonnell) are incomplete. 
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Figure 14B. Vertical density profiles (Sigma-T) in transects 1 (Gabo Island) to 8 (Port MacDonnell) 
in southeastem Australia during cruise 2 (Dec 1997). Transect 6 (Port Campbell) was,not sampled. 
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Figure 14C. Vertical density profiles (Sigma-T) in transects 1 (Gabo Island) to 7 (Portland) in 
southeastem Australia during cruise 3 (May-Jun 1997). Transect 8 (Port MacDonnell) was 
not sampled. 
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southeastem Australia in cruise 1 (Jan-Feb 1997). 
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Figure 19. Surface chlorophyll "a" concentrations during cruise 1 (Jan-Feb 1997; A) 
and cruise 2 (Dec 1997; B).Chlorophyll values were recorded while underway 
using the on-board continuous nutrient tracking system (see Materials and Methods). 
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Figure 20. Surface chlorophyll "a" concentrations during cruise 3 (May-Jun 1998; A) 
and cruise 4 (Jui 1998; B). Chlorophyll values were recorded while underway using 
the on-board continuous nutrient tracking system (see Materials and Methods). 
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Victoria 

cruise. 

'ruise] -- Jan/Feb 97 Cruise 2 -- Dec 97 
l~otal l'J o. ;'c,cernage (%) Total No. n 

u,1gP (%) ',,, 
No. Fan,ily larvae of total larvae 

1 Anatop,u ,,, 0.02 

2 Anguillidae 1 0.01 

3 Aploactinidae 12 0.10 0.08 
,, .. , .. 

4 , • .,., u "" ,c,p 25 0.20 42 0.65 

5 IArg -lc,p 30 0.24 89 .38 

6 ~.~;,1,.p 
,, T 4 0.03 l 0.02 

7 IAtherinidae 1 0.01 11 0.17 I 

8 iAnb!"1,+,p 14 0.11 6 0.09 

9 !Berycidae 1 O.Ql 

10 ll=HP11nifrfa,, 45 0.36 39 0.61 
11 Bothidc.P 46 0.37 39 0.61 
12 Bythitiil"P 1 0.02 
13 Callionymidae 79 0.63 65 1.01 
14 (\1r;,noirl,a"' 982 7.88 120 J..86 
15 Carapidae 8 0 .. 06 9 0.14 

16 :'P!!,trr. lnnhi,l,ip 24 0.19 1 0.02 
' 

17 rPnn]i,1,ip 12 0.10 5 0.08 

18 lrh,mrli?,,w 1 0.02 

19 i('hpi]r.rJ 
J 

2 0.02 

20 !Chlorophthn lmicl>1P 4 0.03 18 0.28 

21 [<'lmifi,;p 177 1.42 140 2.17 
, ... 

22 i'hmPiri'1P 7946 63.79 759 11.77 

23 ('7pp,i1iiJ,ap 156 1.25 25 0.39 
24 Cynop;1ossirlciP 5 0.08 

25 Dinolestidae 10 0.08 5 0.08 

26 n .. ~ ..... ~~,, 12 0.10 5 0.08 

27 F " " 1 rhthyidae 2 0.02 3 0.05 

28 Engraulidae 130 1.04 198 3.07 
29 IFnonl,wirlc.P 3 0.02 8 0.12 

A 

30 IExoc ' 0,01 10 0.16 1 

31 !Gempylidae A5 0.84 350 5.43 
32 :airellidae 29 0.23 l 0.02 

33 :nn~+i..~~"""nthirl,:,p l 0.01 
f,, .......... , 

34 Gobi,,c,or.irlciP 98 0.79 183 2.84 
35 Gobiidae 63 0.51 221 3.43 

36 Gonostomatidae 1 0.01 1 0.02 

37 Hemiram:1hirlciP 3 0.02 l 0.02 
38 !Unn' .. ",Y ..l 

' 
1 0.02 

39 Labridae 161 1.29 150 2.33 
40 I Leptosrnpi rl"" 5 0.04 2 0.03 
41 IM ,irrnr,amnhnsidae 1 0.01 1 0.02 
42 Macrouridae 2 0.02 
43 Melamphaidae 3 

-
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Spawning and larval fish recruitment processes in Victoria 

Table 6. Summary of teleost fish families .............. cont. 

Cruise 1 - Jan/Feb 97 Cruise 2 - Dec 97 

No. Family 
44 Microcanthidae 
45 Monacanthidae 

................ ···-·--"···-·-············-·····-···-
46 Moridae 

Total No. 
larvae 

2 

542 
........................................................ 

172 
···········-··----· .. ··-··· .. ·· .................................... ,.,................... ··························-··-

47 Mugilidae 35 
............................................................. 

Percentage(%) 
of total 

0.02 
4.34 
1.38 

................................ 

0.28 

Total No. 
larvae 

13 
1387 

............................... - ....... _, ____ , .. 
68 
13 

Percentage (%) 

of total 
0.20 

21.52 
.. .................... --···--·--· ................ .. 

1.05 
0.20 

48 Mullidae 233 1.87 71 1.10 
................. ______________ .. ____ , _____ , .. ,........ . ............ , ... _,________ ...................... ,, __ ,,....................... . .......................... -...... _. ...... -- ................... ·····-···--··- .............. --............. -······-·· 

49 Myctophidae 51 0.41 126 1.95 
• • • h,,., .. ,., .. ,,,,.,.,,.,,,,_,., .. ,.,,.,.,,,.,,,,.,,.,,,.,,,.,, .... ,,,, •••••••••••••m•,,. ... , ...... .,,.,_., ... ,.,,,.,mm••--••mH-•-••-mH••m• mmm_m __ • ___ ....... _, .. .,.,. ...... _,._,. • ._, ••u,Hu•••----•••••••m---•-•-•-•HHm,,,.,... •••- - oHH••••••·-·-·•-•••·-·--· .. ,.,.., ___ ..,, __ 

50 Notosudidae 2 0.03 
................................................ ______ ..... -......................................... -... ··- ................ - .... , ................ _, .. ___ ............ ___ , 

51 Odacidae 9 0.07 15 0.23 
................ -·-·--···-· ........................... -.................... _ .......... .. . ................ -............... .. ........... -.................. - .... , ..... -.......... . 

···- .. _?I __ .......... Ophichthidae . __ ····-·-- _ __ . -··--2.- __ .................. -·- ---·-~~~?.----·---- ·- 2 0.03 
53 Ophidiidae 

........................... - ........ -... -···-·-·-· ........ .. 
54 Paralepididae 

....................................... _. ---···········--· .............. -............................ .. 

0.01 2 
2 

55 Pataeciadae 2 0.02 1 

0.03 
0.03 
0.02 
1.77 

...................................... ---··-............... -... -................... -............ -..... .. ........ , .. ---·-··--- ............................................................... ,-................................ -............. -............ _ .. 
56 Pegasidae 24 0.19 114 

...................... -.. --............. ·---··-·-··-·-··--·---, ............... -........ _,,.............. ..................... ........................................... . ............... , .... -.............. -.. -, ......................... -·····--· .............................. . . ................... _ .. _, __ , ___ ....... -.. -····""· 
57 Pernpheridae 23 0.18 49 0.76 ·--.................. _ .. , ............ _ ...................... ·--·--·-··--·-·--·-............... -.............. ........................... .. ................... -... ,............. .._ ............... , ....................... -............ . .............................. , ..................... _. __ 
58 Percichthyidae 2 0.03 .................................................. __ ... _ .. __ , __ ...... - .................................... - ..... - ......................... ____ !-------··---·------ ....... .. 
59 Percophidae 

................. , ... - .... -................... -..... , ......... -, ...................... _,_ 
60 Photichthyidae 

.............. ·-··-·-·--·-...................... -.... ··-·-·· ................ . 
61 Pinguipedidae 

................ , .. -.. -.... -........... , .... _.,_ .. _ ................... .. 
62 Platycephalidae 

63 Plesiopidae 
............................................... -............................ .. 

64 Pleuronectidae 
65 Pomacentridae 

.................................................... _ .... , ................... _ 
66 Regalecidae 

..................... _. ............................................ . 

67 Scomberesocidae 
68 Scombridae .................... - ..................... -................ _____ ,_,., _____ .......... -, .... _ 

89 ·-·-· Scopelarchidae 

18 0.14 11 0.17 
12 
37 
178 

3 
2 

49 
1 

2 
9 

...................... _. __ ............. .. ................................. -..................................... .. ......... _. ______ , .... ,_ .. , ........... _ 
0.10 195 ~.03 . ................. -................................ .. ..... -.................. ,_ .. _, ............................. -. 
0.30 258 4.00 
1.43 395 6.13 

........................... ,_ ... , ......... _ .. , ...................................... ,...................... .. .................................. , .. ___ , ........... .. 
0.02 9 0.14 
0.02 

............................................................. 

0.39 
0.01 
0.02 

3 
125 

0.05 
1.94 

...................... -....... _, ... , .. --·---.......... ·--·-.. --··---·- -·-··-----.. ·----··-.. -·-·--
0. 07 16 0.25 

1 0.02 

70 ............. Scorpaenidae···- ..................... ..?.}·--··············-·· ............. ~.:.?_~-- ............ .......... L~?- ..... -... ?.:?..! .. ----·· 
71 Serranidae 318 2.55 350 5.43 

·-······--··"""'······ .. -· ....... -... __ , ........... ___ .,,.,_,, __ ,_, ______ ....................... ,-................... _ ........... _ ............ , ...................................................... -....................... -....... , ... _,_, ___ , ............... _,_ .................... --····----··· .. ···-··--··-·· 
72 Serrivomeridae 1 0.02 

.............. -......... -... -.,.. .. .... -.. -.. ,-.... -, .. - ................. -···--- .............................. ,-............ . ............................................... , ...... ,_ .. ,._, ______ ,. ......................................................... -......... -, ............... -... --·-·-············----··-.. ·----· .. ---····-··· 
73 Sillaginidae 82 0.66 127 1.97 

......................... _, __ ........ -.... -......... - ........................... _ ..... -.. . .... , ... , ..................... , .. ,_ .... , ....... -... , ................... ,.,_ ... _,_, ...... ,_ ............... - ... , .... -..................... _, ......... ___ , ............. -, ...... .. 
74 Soleidae 15 0.12 28 0.43 

...... ........................................ --·---··-·----··--·-.... ,_ ....... _ ....... , .... _ .. ,_.,_, .................................................. -... ,_ .. , ................................................. --........................... , __ ..................... -.,-... - ............................. . 

-·-··}._?.__·····-··· Sparidae --··--······-···--··-- --·-··--···!L __ ··-···· _ __ -~:.~~--··--- ··-·----·-····?.L.·----···-·· ---·--··-··.?:.9-~---··--··--· 
... _.}_~-···-· Syngnathidae ···········--·· -···--···--···}_Q_·-·········--·- ····-·----9·2i·-·······--·- --··----~!__-···-·---- -··--··--!!.:1_~--·-·----·-
...... _!Z ..... --·-· Synodontidae··-- .... ··-- . ·······-··-···········-·············-···-·-··· ···-·····.··-···········---·-·-···. --··- ............... _J_··--·--·- --·······--9_:Q~-·--·---··-

78 Terapontidae ·.· 6 0.09 
...... -............................. ,_ .. _ .. ---··-· .. -·-·-·· .. --·-·-..................... ... ...................................................................... . ........................................ _, .. , .............. -.. -·. _ ..... - ....................... - .... , .................... -..................................... -......... -···---··-···· 

79 Tetraodontidae 3 0.02 6 0.09 
............... ___ ,_,,.............. . ...... -... --·-··---···-··-···· .. ----· .. ·-- ................................................... -... -........... ........ . .............. ·-·--·· .. ---·-·-· .. --.. -· .......... , ___ , ........... -............ -, ................... --·-.. --.. ··-··--·--·------.................. .. 

80 Trachichthyidae 8 0.06 7 0.11 
.................... --.-.............. -.... -,.-...... , .. __ ..................... -... ,........................................... . .... _ ... ,, . .,,. .. _______ .......... ......................... ............... . ... -.... -.................. _,_,_.,_, __ , 

81.. _ Trachipteridae ................... ... .... . ... ·--···-·-- .. 4 0.06 
82 Triglidae 237 1.90 172 2.67 

..................................... _ .......................... -........ _. ___ , __ .... ._ ........... ,_,_., ............................................. _._, .. _ ................ _., .. ___ ,. 
83 Tripterygiidae 55 0.44 79 1.23 ...................... -....... .. .......... ___ .. ____ ...... ,-................... _. ............................... ........................................................... . ......................................... _,_ ................. _. .......... -, .... _ .. , ................ -................... ___ .-................. . 

2 0.02 
.............................. , ___ .............................................. -............... , ............. _ ...................... , ............................................................................................... . -· ·-·~~.. --·- Uranoscopidae 4 0.06 

85 Zeidae 11 0.09 
............................. __ .......... ·---·-··· .............................. _....... .. .................... ___ .................. .. 

Unidentified 93 0.75 147 2.28 
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1929 

1102 

668 

573 

Gempylidae 

1

Triglidae 

Engrauiidae 328 
Clinidae 317 
Labridae 311 

Mullidae 304 
Pinguipedidae 295 

Gobiidae 284 

fish recruitment 

Clinid 

Labrid 

Upeneichthys vlamingii 

8697 

8 

3 

1066 

35 

1 

372 

277 

16 

3 

356 

110 

77 

18 

8 

54 

9 

311 

304 

295 

Gobiid 284 i I 
Gobiesocidae 281 

Moridae 240 
'---------r-------t-Go-b-ie_s_oc_i_a·----------~'- 25292 ----ii , Alabes spp. 

232 I 

~----+------+-------- 1 __ 6_~1 
235 -+ 133 

Centropogon australis 

Scorpaenodes spp. 

Final 

78 
13 

7 

2 

2 
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Spawning and larval fish recruitment processes in Victoria 

Table 7. Total number oflarvae per fish family ............ cont. 

Family Total family Taxa Total taxa 
Sillaginidae 209 Sillago flindersi 209 

Photichthyidae 207 Vinciguerria attenuata 207 

Creediidae 181 Creedia haswelli 181 

Myctophidae 177 Myctophid 54 

Lampanyctus spp. 29 

Diaphus spp. 27 

Lampadena spp. 26 

Symbolophorus spp. 19 

Hygophum spp. 18 

Myctophum spp. 4 

Pomacentridae 174 Chromis spp. 96 

Parma spp. 47 

Pomacentrid 27 

Pomacentrus spp. 3 

Abudefduf spp. 1 

Callionymidae 144 Callionymid 144 

Pegasidae 138 Pegasus lancifer 138 

Tripterygiidae 134 Tripterygiid 133 

Norfolkia spp. 1 

Argentinidae 119 Argentina australiae 119 

Bothidae 85 Arnoglossus muelleri 68 

Bothid 9 

Arnoglossus spp. 8 

Blenniidae 84 Parablennius tasmanianus 88 

Sparidae 76 Pagrus auratus 73 

Sparid 3 

Pempheridae 72 Parapriacanthus elongatus ? 46 

Pempherid 23 

Pempheris multiradiata 3 

Apogonidae 67 Apogonid 67 

Syngnathidae 61 Maroubra preserrata 27 

Stigmatopora nigra 17 

Syngnathid 9 

Lissocampus spp. 7 

Vanacampus spp. 1 

Mugilidae 48 Aldrichetta forsteri 39 

Liza argentea 9 

Soleidae 43 Soleid 43 

Girellidae 30 Girella tricuspidata 27 

Girella zebra 3 

Percophidae 29 Enigmapercis reducta 29 

Centrolophidae 25 Seriollela brama 25 

Scombridae 25 Scomber australasicus 25 
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Tetraodontidae 9 Tetraodontid 

Leptoscopidae 7 Leuseurina platycephala 

20 

17 

17 - ' 
.. : '7 
l I 

16 

5 

15 

7 

4 

4 

12 

9 

3 

7 

4 

9 

7 
1--------------+--------+----------------+--·----
Ternpontidae 6 Terapontid 6 

Uranoscopidae 6 Uranoscopid 6 

Ophidiidae 

4 I TmcMplemsamwatae I 4 

+-----3----1-IM_,e_l_am_ph_a_1_d_ ___ 3 

3 ~hi~d I 2 

. 1 I 
Pataecidae 3 waterhousii 
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Spawning and larval fish recruitment processes in Victoria 

Table 7. Total number oflarvae per fish family ............ cont. 

Family Total family Taxa Total taxa 
Macrouridae 2 Macrourid 2 

Notosudidae 2 Scopelosaurus meadi 2 

Paralepididae 2 Lestidiops pacifica 2 

Percichthyidae 2 Howella brodiei 2 

Scomberesocidae 2 Scomberesox saurus 2 

Gonostomatidae 2 Cyclothone 1 

Gonostomatid 1 

Anatopteridae 1 Anatopterus pharao 1 

Anguillidae 1 Leptocephalus 1 

Berycidae 1 Centroberyx berradi 1 

Bythitidae 1 Ogilbia sp. 1 

Chandidae 1 Ambassis sp. 1 

Gnathanacanthidae 1 Gnathanacanthus goetzeei 1 

Hoplichthyidae 1 Hoplichthys haswelli 1 

Regalecidae 1 Regalecus glesne 1 

Scopelarchidae 1 Scopelarchus analis 1 

Serrivomeridae 1 Serrivomer sp. 1 

Synodontidae 1 Synodus 1 

Unidentified 240 

Larvae of several commercial important fish species to southeastern Australia were 

caught during the summer cruises. These included those of pilchard, anchovy, sand 

flathead, eastern school whiting and jack mackerel, southern f1athead (Platycephalus 

speculator, Platycephalidae), ocean perch (Helicolenus percoides, Scorpaenidae), silver 

trevally (Pseudocaranx dentex, Carangidae ), Australian salmon (Arripis trutta, 

Arripidae), snapper (Pagrus auratus, Sparidae), blue warehou (Seriolella brama, 

Centrolophidae) and blue mackerel (Scomber australasicus, Scombridae) (Table 7). 

5.3.2 Winter surveys 

A total of 1,387 and 4,375 larval fishes were caught at fixed stations both with the 

bongo (surface) and EZ (25-0, 50-25, 75-50,100-75 m depth strata) nets during cruise 3 

(May-Jun 1998) and cruise 2 (Jul 1998), respectively. The overall total in both cruises 

comprised larval fishes belonging to 56 teleost fish families, of which 46 were present 

in both cruises (Table 8). Fish families that were common to both cruises totalled 36. In 

terms of total numbers, the most abundant larval fishes caught during cruise 3 belonged 

to the Moridae (18.6%), followed by those of the Myctophidae (14.8%), Engraulidae 

(12.9%), Gobiidae (8.7%) and Cheilodactylidae (8.2%). In contrast, the most abundant 

larval fishes caught during cruise 4 belonged to the Scorpaenidae (37.4%) followed by 

those of the Moridae (16.2%), Myctophidae (10.2%), Gempylidae (6.2%) and 
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Spawning and larval fish recruitment processes in Victoria 

Table 8. Summary of teleost fish families ...... cont. 

No. Family 

45 Scaridae 

46 Scomberesocidae 
............ _, ____ -········-···-.--·-··-········-····-·-·········-·· ... 

47 Scorpaenidae 

48 Scorpididae 
···--· .. ·-···-·-·-···-····-··-··-·····-·····--······-······· 

49 Serranidae 
50 Soleidae 

Cruise 3 - May/Jun 98 Cruise 4 - Jui 98 
Total No. Percentage(%) Total No. 

larvae 
Percentage (%) 

of total larvae of total 

............... 

11 

3 

0.07 
0.80 1 0.02 
o.iz ... 1631 ·-·-·· ··-----fiXi 

............................... --·--···-············- ....................... ___ ......... . ........... -···-·····-·- ···········--· ................... ·-· ··········-··-····--··--···-- ......................... --
7 

1 

4 

0. 51 22 0.50 
.. ., ........... , .. , .... -. ••-••••• •m••••-••-• ................ .,,._ Hm• ., ... , ........... , ... ,,HmH••••••••-•m•••••--•-m••-·-

0.07 20 0 .46 

.-- ................ --- ...... ,, _______ ,, ... ,, ... _ ..... , ...... _........ .. . . . ............................................................. ___ _ 0.29 
··········2:1s-------4-1-----·-- o.o9 51 Syngnathidae 38 ...................... __ .. ____________ ... , .............. _____ _ 

52 Trachichthyidae 4 0.29 
..................... . ............. ,.,_, ____ ................................................ . ........................................ -·---·--- ---·----·-----~--

53 Triglidae 4 0.29 53 1.21 

54 Tripterygiidae 2 0.05 
.................................................... -.... ·-·········-·-···· ..... .... ....... .......... ..... --·-·-·--·--.. ·--··-· .. -- -· .. -----------··-···--.. ·---.. --·- ....................................................................... -..................................... -~····-·-· ....... -, 

55 Uranoscopidae 15 0.34 
..................................................... ,_ .. ___ _ 

56 Zeidae 3 0.22 6 0.14 

Unidentified 39 2.82 132 3.02 

Centrolophidae (5.7%). Larval fishes belonging to the remaining fish families in cruises 

3 and 4 (n = 41) accounted for <8 and <5% to the total caught in these cruises, 

respectively, and included those of families such as the Clupeidae, Pleuronectidae and 

Bovichtidae (Table 8). 

Nearly 85% of the fish families in cruise 3 (n = 39) and 78% in cruise 4 (n = 36) were 

represented by <50 larvae, each accounting for <4% of the total numbers caught in each 

cruise. In addition, 12 fish families in cruise 3 and eight in cruise 4 were represented by 

only one larva. Unidentified larvae in cruises 3 and 4 totalled 39 (2.8%) and 132 (3.0%), 

respectively (Table 8). 

Fish taxa within the 56 identified families totalled 95 for both winter cruises combined 

(Table 9). Of these, the most abundant larvae were those of an unidentified scorpaenid 

(possibly Neosebastes sp.), and those of the Moridae and Myctophidae, both of which 

contained a mixture of species. Of those larvae that could be identified to species, the 

most abundant included those ofbarracouta (T.atun, Gempylidae), anchovy (E.australis, 

Engraulidae), cobbler (Gymnapistes marmoratus, Scorpaenidae), spotted and blue 

warehous (S.punctata and S.brama, Centrolophidae) and thomfish (Bovichtus 

angustifrons, Bovichtidae). Larvae of the Triglidae contained a mixture of mostly 

Lepidoperca spp., whereas larvae of the Gobiidae could not be identified to species. 

Larvae of other fish species which were fairly well represented during one or both 

winter cruises were those of :flounder (Ammotretis spp., Pleuronectidae), pilchard 

(S.sagax, Clupeidae), magpie perch (Cheilodacrylus nigripes, Cheilodactylidae) and 

trumpeter (Latris sp. ?, Latridae) (Table 9). 
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Spawning and larval fish recruitment processes in Victoria 

Larvae of several commercial important fish species to southeastern Australia were 

caught during the winter cruises. These included those of anchovy, spotted and blue 

warehous, pilchard, jackass morwong (Nemadactylus macropterus, Cheilodactylidae), 

yellow-eye mullet (Aldrichetta forsteri, Mugilidae), silver trevally (P.dentex, 

Carangidae), ocean perch (Hpercoides, Scorpaenidae) and rock ling (Genypterus 

tigerinus, Ophidiidae) {Table 9). 

Larvae of King George whiting (Sillaginodes punctata, Sillaginidae) were not caught 

during the two winter cruises along any of the western transects routinely sampled (Port 

Campbell, Portland and Port MacDonnell), or along the transect off Barwon Heads. 

However, additional surface sampling carried out during daily hours within Portland 

Bay on 28 July 1998 (cruise 4) produced five larvae of this species (see Section 5.7). 

5.4 Spatial distribution of larval fish assemblage 

5.4.1 Summer surveys 

Concentrations of all larval fishes combined in cruise 1 (Jan-Feb 1997) were markedly 

greater across all depth strata over the three western-most transects (Port Campbell, 

Portland and Port MacDonnell) than along transects eastwards of Barwon Heads (T5), 

and were particularly high at the surface and in the 25-0 and 50-25 m depth strata at the 

2-8 nm offshore stations (Fig. 21 ). By contrast, concentrations of larval fishes during 

summer cruise 2 (Dec 1997) were usually greater along the five eastern-most transects, 

particularly off Seaspray to the east of Wilsons Promontory in the 25-0 and 50-25 m 

depth strata (Fig. 22). 

Most positive stations across the surveyed area during the summer 1997 cruises 

produced concentrations of larval fishes ranging between 0.1 and 50 larvae per 100 m3, 

with only a few stations yielding >50 larvae per 100 m3 (Figs 21, 22). Maximum larval 

fish concentrations in these cruises were 361.1 larvae per 100 m3 at the station 2 run off 

Port Campbell (25-0 m) in cruise 1, and 247.3 larvae per 100 m3 at the station 16 run off 

Seaspray (50-25 m) in cruise 2 (Figs 21, 22; Table 10). No significant differences were 

found in the overall concentrations of larval fishes at the 2-8 nm offshore stations 

between Port Campbell {T6) and Portland {T7) in the 25-0 and 50-25 m depth strata (P 

>0.05). In stations ::::100 m deep, larval fish concentrations >50 m (ie. 75-50 and 100-75 

m) were generally low (<25 larvae per 100 m3) across the sampling area in both summer 

cruises (Figs 21, 22). 

Diversity of taxa found as larvae during the summer 1997 cruises was generally higher 

over inshore shelf areas between 2 and 16 nm offshore, particularly in the three western-
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Spawning and larval fish recruitment processes in Victoria 

Table 9. Total number of larvae (non-standardised) caught per fish family and per taxa 

within family along southeastem Australia in winter cruises 3 (May-June 1998) and 4 

(July 1998) combined. Families and taxa within families have been arranged in 

decreasing order of abundance according to the total numbers caught. 

Family Total family Taxa Total taxa 
Scorpaenidae 1640 Scorpaenid 1336 

Gymnapistes marmoratus 142 
Scorpaenodesspp. 132 
Helicolenus percoides 12 
Neosebastes spp. 14 
Scorpaena spp. 4 

Moridae 966 Morid 696 
Pseudophycis spp. 260 
Pseudophycis breviscula 10 

Myctophidae 651 Myctophid 354 
Diaphus spp. 112 
Lampadena spp. 107 
Symbolophorus spp. 34 
Hygophum spp. 22 
Lampanyctus spp. 13 
Myctophum spp. 9 

Gempylidae 291 Thyrsites atun 291 
Centrolophidae 268 Seriollela punctata 137 

Seriollela brama 131 
Gobiidae 268 Gobiid 268 
Pleuronectidae 189 Ammotretis spp. 121 

Rhombosolea 39 
Pleuronectid 29 

Engraulidae 179 Engrau/is australis 179 
Bovichtidae 130 Bovichtus angustifrons 130 
Cheilodactylidae 126 Cheilodactylus nigripes 98 

Nemadactylus macropterus 15 
Cheilodactylus 11 
Cheilodactylid 2 

Clupeidae 110 Sardinops sagax 107 
Hyperlophus vittatus 3 

Latridae 92 Latris sp. 92 
Callionyrnidae 74 Callionyrnid 74 
Clinidae 65 Clinid 65 
Mugilidae 58 Aldrichetta forsteri 57 

Liza argentea 1 
Triglidae 57 Lepidotrigla modesta 31 

Lepidotrigla vanessa 12 
Lepidotrigla mulhalli 6 
Lepidotrigla spp. 4 
Chelidonichthys kumu 2 
Lepidotrigla papilio 2 

Syngnathidae 42 Stigmatopora nigra 41 
Maroubra preserrata 1 

Carangidae 36 Pseudocaranx dentex 35 
Trachurus declivis 1 
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Spawning and larval fish recruitment processes in Victoria 

Table 9. Total number oflarvae per fish family ............... cont. 

Family Total family Taxa Total taxa 
Bothidae 32 Arnoglossus spp. 11 

Pseudorhombus spp. 9 
Bothid 8 
Arnoglossus muelleri 4 

Scorpididae 29 Scorpis lineolata 29 

Cynoglossidae 24 Cynoglossus sp. 24 

Monacanthidae 21 Monacanthid 21 

Serranidae 21 Serranid 20 
Lepidoperca ? 1 

Dinolestidae 19 Dinolestes lewini 19 

Ophidiidae 15 Genypterus tigerinus 15 

Uranoscopidae 15 Uranoscopid 15 

Aplodactylidae 14 Crinodus lophodon 14 

Cepolidae 14 Cepola australis 14 

Galaxiidae 13 Galaxias sp. 13 
Scomberesocidae 12 Scomberesox saurus 12 

Macroramphosidae 11 Macroramphosus scolopax 11 

Carapidae 9 Echiodon rendahli 9 
Idiacanthidae 9 Idiacanthus atlanticus 9 
Photichthyidae 9 Vinciguerria attenuata 9 
Zeidae 9 Zeus Jaber 5 

Cyttus australis 3 
Cyttus sp. 1 

Argentinidae 8 Argentina australiae 8 

Creediidae 8 Creedia haswelli 8 
Diodontidae 8 Diodontid 8 
Paralepididae 7 Lestidiops pacifica 5 

Paralepidid 2 
Leptoscopidae 5 Crapatalus sp. ? 3 

Leuseurina platycephala 2 

Chironemidae 4 Chironemus marmoratus 4 

Soleidae 4 Soleid 4 

Trachichthyidae 4 Trachichthyid 2 
Paratrachichthys 2 

Odacidae 3 Odacid 3 
Callanthiidae 2 Callanthias australis 1 

Callanthias sp. 1 
Pinguipedidae 2 Parapercis allporti 1 

Parapercis sp. l 
Tripterygiidae 2 Tripterygiid 2 
Gonostomatidae 2 Cyclothone 2 
Anguillidae 1 Anguilla australis 1 

Aulopidae 1 Aulopus purpurissatus 1 
Berycidae 1 Centroberyx australis 1 
Chiasmodontidae 1 Chiasmodon 1 

Lophiidae 1 Lophiodes 1 
Percichthyidae 1 Howella brodiei 1 
Platycephalidae l Platycephalus sp. 1 

Scaridae 1 Scarid 1 
Unidentified 171 
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Spawning and larval fish recruitment processes in Victoria 

Table 10. Summary of maximum larval fish concentrations (nos per 100 m3) and 

maximum number of taxa identified as larvae by transect, station (nm offshore) and 

depth strata (m) during this study. 

Cruise 

Cruise I 

Jan-Feb 1997 

Cruise 2 

Dec 1997 

Cruise 3 

May-Jun 1998 

Cruise 4 

Jul 1998 

Larval concentration Number of taxa 

Transect Station Depth Larvae Station Depth Taxa 

Gabo Island 32 

Cape Conran 8 
······-···· ..................... _.._ ............ _,, .. _ .................................... ,_, __ ,, ............. . 

Seaspray 
............................................................... 

C~pe Lip~.~p _ 

Barwon Heads 

Port.Campbell 

Portland 

Port MacDonnell 

Gabo Island 

Cape Conran 
.................... -...................... , .. , __ 

Seaspray 
..................... -...... .. 

Cape Liptrap 
....................................... ,_,, ............. .. 

Barwon Heads 

2 

2 

16 

16 

8 

16 

4 

2 

strata 

Surface 

25-0m 

25-0m 
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32 nm station off Cape Liptrap (25-0 and 75-50 m) to 22 at the 8 nm station off Gabo 

Island (50-25-0) (Figs 31, 32; Table 10). As with the greatest larval fish concentrations, 

the highest diversity of tax.a during the winter 1998 cruises was recorded in the 25-0 m 

and 50-25 depth strata (Figs 29-32; Table 10). 

5.5 Overview of summer and winter larval fish assemblages 

The summer (1997) and winter (1998) cruises carried out in southeastern Australia 

during this study yielded larval fishes belonging to a total of 96 teleost fish families. Of 

these, 45 families were represented in both seasons, and included families such as the 

Scorpaenidae, Triglidae and Moridae. Larvae from 40 families were only found during 

the summer cruises, whereas larvae of 11 families were found exclusively during the 

winter cruises (Tables 6, 8). Fish families found only in the summer surveys included 

the Arripidae, Atherinidae, Blenniidae, Girellidae and Scombridae; families recorded 

only in the winter surveys included the Bovichtidae, Chironemidae, Idiacanthidae, 

Scorpididae and Latridae. 

The number of fish families recorded during the summer surveys (n = 85) was higher 

than that found during the winter surveys (n = 56). Similarly, the overall number oftaxa 

found as larvae during the summer surveys (n = 146) was higher than that found during 

the winter surveys (n = 95). For all surveys, the most speciose families for which larvae 

could be identified to genus/species level were the Myctophidae, Platycephalidae, 

Scorpaenidae and Triglidae (Tables 7, 9). 

In terms of number of taxa and larval concentrations (nos per 100 m3) per cruise, both 

the highest larval concentrations and greatest number of taxa during during the summer 

cruise 1 (Jan-Feb 1997) were recorded in the three western-most transects, namely Port 

Campbell, Portland and Port MacDonnell (Table 10). A high number of taxa was also 

recorded along the Seaspray transect to the east of Wilsons Promontory during cruise 1 

(n = 22), although the larval concentrations along this transect were markedly lower. In 

contrast, the highest larval concentrations and greatest number of taxa during the 

summer cruise 2 were recorded along the Seaspray transect (n = 32 tax.a) to the east of 

Wilsons Promontory, with the Cape Liptrap transect producing a comparably high 

number of taxa (n = 27) but much lower larval fish concentrations (Table 10). During 

the winter cruises, the greatest number of taxa was recorded along the Gabo Island 

transect in eastern Victoria during the winter cruise 4 (n = 22), while the highest larval 

concentrations during the same cruise were obtained along the Port Campbell transect. 

Overall, the lowest number of taxa and larval fish concentrations throughout the study 

were found during the winter cruise 3 (Table 10). 

Final Report, FRDC 96/116 - Results Page 86 



Spawning and larval fish recruitment processes in Victoria 

Surface 

0 . 
0 

0 . • • . . . 
• . . . . . 

0 . 
25 - 0 m 

. . . 
• . . . 

. 
50 - 25 m 

I . . 
• 

• . 
• . . . . . 

75 - 50 

. . • . . . . 
100 - 75 

Melbourne M allacoota 

-38. 
Portland . 

• 
-39 . 

141 142 143 144 145 146 147 148 149 

O No larvae • 0.1 - IO.O • 10.1 - 50.0 • 50.1 -100.0 ,oo. , -200.0 e 200.1 - 300.0 • 300. 1- 400.0 

Figure 21. Spatial distribution of all larval fishes combined (nos per 100 m-3) by depth stratum 
along southeastem Australia during cruise 1 (Jan-Feb 1997). Surface distribution plot (top) 
includes randomly collected additional surface samples. 
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Spawning and larval fish recruitment processes in Victoria 
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Figure 22. Spatial distribution of all larval fishes combined (nos per 100 m-3) by depth stratum 
along southeastem Australia during cruise 2 (Dec 1997). Surface distribution plot (top) includes 
randomly collected additional surface samples. 
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Figure 23. Concentrations of all larval fishes combined (nos per 100 m-3) along transects 
on the eastern Victorian coast (Tl-T4; left plots), and the respective number oftaxa 
found as larvae (right plots) during cruise 1 (Jan-Feb 1997). Larval fish concentrations 
have been plotted over vertical temperature profiles obtained during sampling period. 
Shaded area in each plot corresponds to the shelf profile. 
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Figure 24. Concentrations of all larval fishes combined (nos per 100 m-3) along transects 
on the western Victoria and eastern South Australian coasts (T5-T8; left plots), and the 
respective number of taxa found as larvae (right plots) during cruise I (Jan-Feb 1997). 
Larval fish concentrations have been plotted over vertical temperature profiles obtained 
during sampling period. Shaded area in each plot corresponds to the shelf profile. 
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Figure 25. Concentrations of all larval fishes combined (nos per I 00 m-3) along transects 
on the eastern Victorian coast (Tl-T4; left plots), and the respective number oftaxa 
found as larvae (right plots) during cruise 2 (Dec 1997). Larval fish concentrations have 
been plotted over vertical temperature profiles obtained during the sampling period. 
Shaded area in each plot corresponds to the shelf profile. 
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Figure 26. Concentrations of all larval fishes combined (nos per I 00 m-3) along transects 
on the western Victorian and eastern South Australian coasts (T5-T8; left plots), and the 
respective number oftaxa found as larvae (right plots) during cruise 2 (Dec 1997). Transect 
6 (Port Campbell) was not sampled. Larval fish concentrations have been plotted over 
vertical temperature profiles obtained during the sampling period. Shaded area in each 
plot corresponds to the shelf profile. 
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Figure 27. Spatial distribution of all larval fishes combined (nos per 100 m-3) by depth stratum 
along southeastem Australia during cruise 3 (May-Jun 1998). Transect 3 (Seaspray) was not 
sampled. Surface distribution plot (top) includes randomly collected additional surface samples. 
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Figure 28. Spatial distribution of all larval fishes combined (nos per 100 m-3) by depth stratum 
along southeastem Australia during cruise 4 (Jul 1998). Transects 3 (Seaspray) and 8 (Port 
MacDonnell) were not sampled. Surface distribution plot (top) includes randomly collected 
additional surface samples. 
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Figure 29. Concentrations of all larval fishes combined (nos per 100 m-3) along transects 
on the eastern Victorian coast (TI - T4; left plots), and the respective number of taxa 
found as larvae (right plots) during cruise 3 (May-Jun 1998). Larval fish concentrations have 
been plotted over vertical temperature profiles obtained during the sampling period. Shaded 
area in each plot corresponds to the shelf profile. 
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Figure 30. Concentrations of all larval fishes combined (nos per 100 m-3) along transects 
on the western Victorian coast (T5 - T7; left plots), and the respective number oftaxa 
found as larvae (right plots) during cruise 3 (May-Jun 1998). Sampling along transect 8 
(Port McDonnell) was omitted. Larval fish concentrations have been plotted over vertical 
temperature profiles obtained during the sampling period. Shaded area in each plot 
corresponds to the shelf profile. 
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Figure 31. Concentrations of all larval fishes combined (nos per 100 m-3) along transects 
on the eastern Victorian coast (TI, T2, T4; left plots), and the respective number oftaxa 
found as larvae (right plots) during cruise 4 (Jui 1998). Transect 3 (Seaspray) was not 
sampled. Larval fish concentrations have been plotted over vertical temperature profiles 
obtained during the sampling period. Shaded area in each plot corresponds to the shelf 
profile. 
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Figure 32. Concentrations of all larval fish combined (nos per 100 m-3) along transects 
on the western Victorian coast (T5 - T7; left plots), and the respective number of taxa 
found as larvae (right plots) during cruise 4 (Jul 1998). Transect 8 (Port MacDonnell) was 
not sampled. Larval fish concentrations have been plotted over vertical temperature 
profiles obtained during the sampling period except for transect 7 (Portland). Shaded area 
in each plot corresponds to the shelf profile. 
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Figure 33. Spatial distribution of pilchard larvae (nos per 100 m-3) by depth stratum 
along southeastern Australia during cruise 1 (Jan-Feb 1997). Surface distribution plot 
(top) includes randomly collected additional surface samples. 
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Figure 36. Spatial distribution of pilchard larvae (nos per 100 m-3) by depth stratum 
along southeastern Australia during cruise 2 (Dec 1997). Transect 6 (Port Campbell) 
was not sampled. Surface distribution plot (top) includes randomly collected additional 
surface samples. 
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samples. 
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Figure 38. Spatial distribution ofbarracouta larvae (nos per 100 m-3) by depth stratum 
along southeastern Australia during cruise l (Jan-Feb 1997). 
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Figure 40. Spatial distribution ofbarracouta larvae (nos per 100 m-3) by depth stratum along 
southeastern Australia during cruise 3 (May-Jun 1998). Transect 8 (Port MacDonnell) was 
not sampled. 
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Figure 41. Spatial distribution ofbarracouta larvae (nos per 100 m-3) by depth stratum along 
southeastern Australia during cruise 4 (Jul 1998). Transects 3 (Seaspray) and 8 (Port MacDonnell) 
were not sampled. 

Final Report, FRDC 96/116 - Results Page 109 

@ 
0 

0 

0 

~ 
0 

0 

@ • 
0 

~ 
0 

0 

8 
0 

0 

0 



Iviean no larvae per 

0.2 0.6 0.8 1.6 

-------·-------~--1 
~~'SSS-----------·-------·---·----·-----~ 

------·---------·~------------1 

stratum 

75--50 

100-75 

0 5 

+-------L-

Surface ~ 
j 
I 

25-0 

------,-~------·--·-! 

l 1 

Mean no lar1ae per 100 

10 15 

50-25 b--~ rum~----------< 
75-50 j ! 

stratum 

(eastern 

strata. 

l 

1 

20 

m 

L8 

25 

2nm 

4nm 

f§:l 8 nm 

D 16nm 

nm 

100-75 m 

Final FRDC 96/116 - Results 110 



fish recn-1.itrnent 

111 vvt~stern 

2 were were 

n1ore cornmon. at 

l were 

maximum concentration 

transects (Fig. 

( depth x distance) showed the mean 

combined Campbell 

significantly greater in 25-0 or 

(P<0.05), no significant differences were 

between 

crmse 1, as 

(Figs 

of 

as 

m strata 

larvae along 

crmse 

Final 

were <10 

larvae 

were 

of larvae 

(P>0.05) (Fig. 

FRDC 96/I I 6 - Results Page 111 



Surface 

8 
0 . . 

~ 
0 

0 

25 - 0 m 

8 
0 

• 
• 

' . . 
50 - 25 m 

0 . . 
I . 

75 - 50 m 

100 - 75 m 

0 

0 

0 

0 . . 

. . . 

0 . 

Spawning and larval fish recruitment processes in Victoria 

8 
0 . 

0 

0 . 
0 

0 

0 
0 

0 

§ 
0 

0 . 
• 

0 
0 

0 

Ii 
0 

0 

0 . 
• 

0 
0 

0 
0 

@ 
0 

Melbourne M allacoota 8 

-380 Portland 

0 

-39 0 

141 142 143 144 145 146 147 148 149 

O No larvae • 0.1 -10.0 • 10.1- 50.0 • 50.1 -1 00.0 100.1- 200.0 e 200.1-300.0 • 300.1 - 400.0 

Figure 44. Spatial distribution of jack mackerel larvae (nos per 100 m-3) by depth stratum 
along southeastern Australia during cruise 1 (Jan-Feb 1997). 

Final Report, FRDC 96/116 - Results Page 112 

0 

0 



Spawning and larval fish recruitment processes in Victoria 

Surface 

0 
• 0 0 

0 0 

0 

0 0 
0 0 

0 0 0 

0 

25 - 0 m 

8 
0 . 
0 0 
0 0 

@ 
0 

0 . 
0 

0 0 
. 

0 

50 - 25 m 

0 0 
0 . 
0 0 

@ . 
0 

0 
. 

0 

75 - 50 m 

0 

0 0 

0 

0 

0 

0 

100 - 75 m 
Melbourne Mallacoo 

-380 Portland 

0 0 

-39 

141 142 143 144 145 146 147 148 149 

o No larvae • 0.1- 10.0 • 10.1- 50.0 • 50.1-100.0 100.1-200.0 e 200.1- 300.0 • 300 .1- 400.0 

Figure 45. Spatial distribution of jack mackerel larvae (nos per 100 m-3) by depth stratum 
along southeastern Australia during cruise 2 (Dec 1997). Transect 6 (Port Campbell) was 
not sampled. 
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Figure 48. Spatial distribution of sand flathead larvae (nos per 100 m-3) by depth stratum 
along southeastern Australia during cruise 1 (Jan-Feb 1997). 
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Figure 49. Spatial distribution of sand tlathead larvae (nos per 100 m-3) by depth stratum 
along southeastern Australia during cruise 2 (Dec 1997). Transect 6 (Port Campbell) was 
not sampled. 
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Figure 51. Spatial distribution of blue warehou larvae (nos per 100 m-3) by depth stratum 
along southeastern Australia during cruise 1 (Jan-Feb 1997). 
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Figure 52. Spatial distribution of blue warehou larvae (nos per 100 m-3) by depth stratum 
along southeastern Australia during cruise 3 (May-Jun 1998). Transect 8 (Port MacDonnell) 
was not sampled. No larvae were caught in the 75-50 or the 100-75 m depth strata. 
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Figure 53. Spatial distribution of blue warehou larvae (nos per 100 m-3) by depth stratum 
along southeastem Australia during cruise 4 (Jul 1998). Transects 3 (Seaspray) and 8 (Port 
MacDonnell) were not sampled. No larvae were caught in the 100-75 m depth stratum. 
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Figure 54. Mean concentration (+lSD) of blue (Serio/le/a brama) and spotted warehou 

(Serio/le/a punctata) larvae (nos per 100 m3) combined for the Barwon Heads-Port 

Campbell and the Gabo Island-Cape Conran transects, respectively, during winter cruise 

4 (Jul 1998). Concentration data were pooled for all stations sampled in those transects. 

5.6.7 Spotted warehou (Serio/le/a punctata) 

Larvae of spotted warehou (Serio/le/a punctata) were present only during the winter 

cruises, and almost all were caught during winter cruise 4 (Jui 1998). Larvae during 

cruise 4 were recorded only off Gabo Island and Cape Conran in eastern Victoria, and 

occurred as far as the 32 nm station along both transects (Fig. 55). Larval concentrations 

during this cruise were <10 larvae per 100 m3, with the highest (5.1 larvae per 100 m3) 

recorded at the station 32 nm off Cape Conran, in the 25-0 m depth strata. Larval 

spotted warehou were found in surface samples as well as in the 25-0, 50-25 and 75-50 

depth strata, whereas none were found below 75 m (Figs 54, 55). The few larvae that 

were recorded during the winter cruise 3 (May-Jun 1998) were caught at the stations 2, 

4 and 8 off Gabo Island, in the 25-0 and 50-25 m depth strata ( data not plotted). 

5.6.8 Other taxa 

Larval fishes belonging to the Monacanthidae, Serranidae, Scorpaenidae and Moridae 

were very abundant through survey, and were caught in all four cruises. Monacanthid 

and serranid larvae were abundant during the summer cruises (Table 7), whereas 

scorpaenid and morid larvae were abundant during the winter cruises (Table 9). All 

these families are represented across temperate Australia by several species whose 

larval taxonomy is not yet well known. Monacanthid larvae were particularly abundant 
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Figure 55. Spatial distribution of spotted warehou larvae (nos per 100 m-3) by depth stratum 
along southeastem Australia during cruise 4 (Jui 1998). Transects 3 (Seaspray) and 8 (Port 
MacDonnell) were not sampled. No larvae were caught in the 100-75 m depth stratum. 
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6. GENERAL DISCUSSION 

6.1 Hydrodynamics 

The hydrodynamic modelling showed a markedly different average current pattern for 

the summer and winter cruises. During winter, the currents throughout the study area 

were predominantly west to east, which reflect the dominance of westerly winds that 

occur over the winter period. By contrast, average currents over the summer cruises 

were from east to west, reflecting the much greater incidence of easterly winds during 

this period. The most conspicuous oceanographic feature associated with these easterly 

winds was the offshore currents along coastal waters off western Victoria-eastern South 

Australia, which were responsible for the upwelling event that was apparent in both 

satellite SST images, and the vertical profiles of density and inorganic nutrients (see 

section 6.2). Wind-driven summer upwelling events in this area have previously been 

described in detail (Lewis, 1981 ). 

In the summer, periods of easterly winds are regularly interrupted by south-westerly 

frontal systems that results in a rapid wind reversal that may last for several days. 

Although masked by longer-term averaging, this phenomenon was probably responsible 

for the anticyclonic eddy observed immediately to the east of Wilsons Promontory 

during summer cruise 2 (Dec 1997) that, according to the simulation, would have lasted 

for a period of at least two days. This anticyclonic eddy, which has not been previously 

described for this area, was discovered after analysing current data ( corrected for tides) 

obtained with the on-board Acoustic Droppler Current Profiler (ADCP). Given the 

prevailing eastward current at the time, and the southward protruding topography of 

Wilsons Promontory, this eddy could well be responsible for the retention of high 

concentrations of ichthyoplankton in the area (see section 6.3). An anticyclonic summer 

eddy near the coast has previously been reported for this area, although its location was 

further east, ie. Lakes Entrance to Gabo Island (Rochford, 1977). This eddy is believed 

to be involved as a possible factor in the summer upwelling event detected along the 

Gippsland coast in western Victoria (Rochford, 1977). 

Hydrodynamic current patterns, particularly at local scales, would have been more 

complex in summer than in winter due to the presence of stratification. We ran 

simulations with a simple specification for stratification based on an average density 

profile. This specification had little effect on average predicted currents over each cruise 

period. In reality, small-scale temporal and spatial variability in currents would be 

affected significantly by stratification. However, detailed specification of stratification 

in the modelling was beyond the scope of this study. 
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6.2 Inorganic nutrients, fluorescence and upwelling 

Unlike the technique utilised during this study to measure inorganic nutrients, most 

previous studies of Bass Strait waters have been carried out on surface waters at fixed 

sites, followed by analyses in land-based laboratories. This traditional approach has 

several shortcomings, including: (a) high staff and boat costs per unit sample; (b) no 

knowledge of vertical structure; ( c) imperfect preservation of samples; ( d) large sample 

storage volume needed; (e) limited number of samples from which to draw conclusions 

about spatial patterns; and (f) delays of days to months between sampling and analysis. 

By coupling a fluorometric sensor with continuous-flow nutrient analytical systems, it is 

possible to obtain far greater sample density than is practical with discrete samples. 

This approach has been used for many years to sample vertical profiles (Armstrong et 

al., 1967; Strickland, 1968; Anderson & Okubo, 1982; Moll et al., 1984; Jones et al., 

1991; Yin et al., 1995), but has seldom been used for sampling horizontal transects 

(Morris et al., 1981, 1995; Longmore et al., 1990, 1996). The spatial resolution of such 

systems depends on several factors, including digitising interval, pump lowering speed 

( for vertical profiles) or boat speed ( for horizontal transects), degree of peak spreading 

in the water transmission system and response time of sensors (Mackas & Owen, 1982; 

Anderson & Okubo, 1982). 

During this study, seasonal variation was observed in the concentrations of dissolved 

inorganic nitrogen (DIN) and in chlorophyll fluorescence, but not in phosphate or 

silicate concentrations. The DIN concentrations in surface waters, which varied between 

0.1 and 1 µM, were highest in winter, while fluorescence was greatest in summer. Off 

Portland during cruise 2 in December 1997, very low surface phosphate and oxidised N 

concentrations (-0.03 and 0.02 µM, respectively) occurred in an area of high 

fluorescence. It is thus possible that the low nutrient concentrations were due to 

plankton uptake. Most of the inorganic N at that time was ammonium, which is a by­

product of phytoplankton grazing and decomposition through the water column. The 

decline in fluorescence in winter suggests that phytoplankton biomass may be limited by 

light or temperature. The relative concentrations of DIN, phosphate and silicate also 

suggest that phytoplankton growth may be silicate-limited at times, particularly in 

surface waters. 

It is well known that waters of central Bass Strait contain low nutrient concentrations 

(Gibbs et al., 1986). Given the generally shallow water depths in this area, there is no 

opportunity for nutrient concentrations to be enhanced by upwelling. We could therefore 

expect little change in vertical or horizontal nutrient distributions, except off known 

inputs. However, introduction of new nutrients is highly possible on the eastern and 
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brake has previously been reported for the population of eastern Tasmania (Jordan et al., 

1995). 

Larvae of sand f1athead (Platycephalus bassensis) were caught only during the summer 

cruises, and were more abundant off Seaspray during cruise 2. This species is heavily 

fished within Comer Inlet, a permanently open system to the west of Seaspray in the 

area of Wilsons Promontory, as well as in other areas of Bass Strait (Neira et al., 

1997a). As there have been no larval fish studies within Comer Inlet, it could be 

assumed that larvae found in the area outside this inlet may originate from adults that 

spawn either outside or inside this system, or both. In this context, it is perhaps relevant 

that sand flathead in waters of eastern and southern Tasmania are known to spawn over 

an extended period (October-March) at several locations, including estuaries, coastal 

embayments and inshore shelf waters (Jordan, in press). 

Larvae of blue warehou (Serio/le/a brama) were caught during all cruises, but were 

more abundant during winter cruise 4. The distribution of blue warehou larvae indicates 

that this species spawns throughout the survey area during winter, and that older larvae 

are found towards the western end of Bass Strait during late summer. By contrast, larvae 

of spotted warehou (Serio/le/a punctata ), which were caught almost exclusively during 

the winter cruise 4, were restricted to the two eastern-most transects, ie. Gabo Island and 

Cape Conran. The larval distributions of both warehou species in southeastern Australia 

parallels those described by Bruce et al. (in press). However, whereas these authors 

stated that both species spawn predominantly during late July-August, larvae of both 

species were also caught during cruise 3, in the period May-June 1998. This implies that 

the spawning season of both species in the area starts earlier than previously thought. 

6.5 Transport of larval King George whiting 

King George whiting larvae caught in Portland Bay on 28 July 1998 were the smallest 

and youngest ever collected in Victorian waters. The smallest ~d youngest larval King 

George whiting previously recorded had been caught in Port Phillip Bay (Vic) and were 

approximately 15 mm SL in length and 80 days in age (Jenkins et al., in press). 

Simulations to predict spawning areas of King George whiting, based on reverse 

modelling and larval durations of recruits collected from Port Phillip Bay, Western Port 

and Comer Inlet, suggested that the major spawning area was from approximately Cape 

Otway (Vic) to Cape Jaffa (SA) (Jenkins et al., in press). Thus, the predicted spawning 

area for larvae collected in the present study was within the range predicted for larvae 

from central Victorian bays. The stage of development relative to the date of collection 

was also consistent with larvae collected in central Victoria. For example, larvae in Port 

Phillip Bay are generally collected from mid September to early November, and have a 
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Appendix 5. Summary of transects (east to west) and stations sampled, and number of 

plankton samples taken with different sampling gear during winter cruise 4 (July 1998). 

* indicates EZ not employed due to bad weather. 

Transect 1 2 4 5 6 7 8 

Distance Gabo Cape Cape Barwon Port Port 

offshore Location Island Conran Liptrap Heads Campbell Portland MacDonnell Total 
samples 

(nautical Longitude 149° 55' 148° 33' 145° 48' 144° 26' 143° 04' 141°40' 140° 17' 
miles) 

Latitude 37° 36.0' 37° 50.5' 38° 44.5' 38° 19.0' 38° 41.0' 38° 27.0' 37° 49.0' 

Max depth (m) 100 29 16 30 50 52 22 

2 Neuston samples I I I I 2 2 8 
Bongo 25-0 m I I I 3 
EZsamples 4 2 2 * 8 
Subtotal samples 5 2 2 2 4 4 0 19 
Latitude 37° 38.0' 37° 52.5' 38° 46.5' 38° 21.0' 38° 43.0' 38° 29.0' 37° 51.0' 

Max depth (m) 120 40 42 48 64 57 26 

4 Neuston samples I I I I 2 2 8 
Bongo 25-0 m I I 
EZ samples 3 2 2 2 3 2 * 14 
Subtotal samples 5 3 3 3 5 4 0 23 
Latitude 37° 42.0' 37° 56.5.0' 38° 50.5' 38° 25.0' 38° 47.0' 38° 33.0' 37° 55.0' 

Max depth (m) 120 54 67 63 67 75 50 

8 Neuston samples I I I I 2 2 8 
Bongo 25-0 m 

EZsamples 4 2 3 3 3 3 * 18 
Subtotal samples 5 3 4 4 5 5 0 26 
Latitude 37° 50.0' 38° 04.5' 38° 58.5' 38° 33.0' 38° 55.0' 38° 41.0' 38° 03.0' 

Max depth (m) 100 60 76 75 84 135 120 

16 Neuston samples I I I 2 I I 7 
Bongo 25-0 m I 1 
EZ samples 2 3 3 3 4 3 * 18 
Subtotal samples 4 4 4 5 5 4 0 26 
Latitude 38° 06.0' 38° 20.5' 39° 14.5' 38° 49.0' 39° I 1.0' 38° 57.0' 38° 19.0' 

Max depth (m) 150 361 80 80 84 1760 1470 

32 Neuston samples l I I 2 I I I 8 
Bongo 25-0 m 

EZ samples 4 4 3 3 4 2 3 23 
Subtotal samples 5 5 4 5 5 3 4 31 
Total samples 24 17 17 19 24 20 4 125 

EXTRA SURFACE TOWS: 26 
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The RV Franklin, the research vessel utilised during all four surveys carried out during 

this study. 
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